Background: Studies on various adult cancer types showed that there are changes in levels of protein types that are related to iron metabolism. In our study, proteins related to iron metabolism are examined for the first time in childhood malignancies and results are presented. Methods: Between January 2013 and December 2014, 58 patients 17 healthy children were included in the study. Blood samples were taken from patients at diagnosis and in remission and serum ferritin heavy chain (FTH-1), ferritin light chain (FTL), LCN-2, soluble transferrin receptor (sTFR), transferrin receptor-2 (TFR-2), hepcidin and ferroportin levels were examined using ELISA method. Results: Levels of FTH-1 were found higher in all patient groups than in control group (P < 0.05). Levels of FTL were found higher in all patient groups than in control group, although this was not statistically significant. It was observed that these levels decreased in remission. Levels of LCN-2 were found significantly high (P = 0.001) in all patient groups. sTfR levels were found lower in acute leukemia patients (P = 0.001). Level of TFR-2 was found to be higher in all patient groups in comparison with the control group and this was statistically significant in lymphoma group (P = 0.05). In remission, levels of TFR-2 decreased. Levels of serum hepcidin were found to be higher in all patient groups in comparison with the control group and this was statistically significant (P = 0.001). Hepcidin levels decreased in remission. Although it was not statistically significant, it was observed that levels of serum ferroportin were low in sarcoma and leukemia groups at diagnosis and increased in remission. As a result, despite the fact that our patients' number was limited, we thought that investigation of the iron metabolism of tumor cells is important and additional studies will be necessary with increasing patients' number.
Background
Elemental iron is essential for cellular growth and homeostasis, but it is potentially toxic to cells and tissues. Excess iron can contribute to tumor initiation and tumor growth (1) . Previous studies suggest that iron may function in tumor initiation, tumor growth, tumor microenvironment and metastasis (2, 3) .
Unravelling the complex relationship between iron and cancer has been facilitated by the recent discovery of new proteins that participate in and control iron metabolism. Studying the role of iron and cancer has also revealed that cancer cells show a marked alteration in the pathways of iron metabolism, because of their rapid growth and proliferation, they require more iron than normal cells. Some proteins involved in iron metabolisms may be multifunctional and can contribute to malignancy in ways that are independent of their primary role in iron metabolism (1) .
Transferrin receptor-1 (TFR1) is highly expressed in many cancers (4) . Lipocalin-2 (LCN2) is a less well-studied protein that is involved in an alternative pathway of iron uptake and is also upregulated in some cancers (5, 6) . Ferritin which is an iron storage protein may be both upregulated and downregulated in cancer cells (7) . Cancer cells increase metabolically avaliable iron not only by increasing iron uptake and decreasing iron storage, but also by decreasing iron efflux. Ferroportin is the only known iron efflux pump in vertebrates. Its expression on the cell surface is regulated by circulating peptide hormone hepcidin. Ferroportin-hepcidin regulatory axis also has a key role in cancer (8) .
So far, all studies on the iron status of the cancer were done in adult patients. There are no studies on this issue in children's cancer. Therefore, in order to show the iron sta- tus of various childhood cancers, looking at serum levels of certain proteins involved in iron metabolism, we designed a study aimed at comparing the diagnosis and remission of them.
Methods
This study was performed in 58 patients with diagnosed pediatric malignancies in Ankara university, school of medicine, department of pediatric oncology between January 2013 -December 2014. Local ethic commitee approved this study. Serum ferritin heavy and light chain (FTH-1 and FTL), LCN-2, soluble transferrin receptor (sTfR), transferin receptor-2 (TFR-2), hepcidin and ferroportin levels were analyzed in 58 patients at diagnosis and in remission. Results were compared with 17 healthy controls who had no inflammation, no infection and no chronic disease. For assessment of serum markers, the sera of the peripheral blood samples were obtained and stored at -20°C until they were studied. Commercial enzyme-linked immunosorbent assay (ELISA) kits for human FTH-1, FTL, LCN-2 (Boster human ELISA kit), sTfR (BioVendor human ELISA kit), TFR-2, hepcidin-25 (DRG human ELISA kit) and ferroportin (Eastbiopharm human ELISA kit) were purchased and serum levels of these proteins analyzed.
Statistical Methods
Statistical analysis was performed using the SPSS 11.5 version statistical program. Wilcoxon signed rank test was used to evaluate relationship between values of FTH-1, FTL, LCN-2, sTfR, TFR-2, hepcidin and ferroportin at the time of diagnosis, in remission and in control group. Comparison of values between the groups was performed with Spearman correlation analysis.
Results
Serum samples of 58 patients and 17 healthy controls were evaluated for FTH-1, FTL, LCN-2, sTfR, TFR-2, hepcidin and ferroportin. The median age of 58 patients was 10 years (range between 1 -16 years) and the median age of healthy control was 9 years (range between 1 -15 years). Twenty six patients were female and 32 patients were male. In healthy control group, 8 of the children were female and 9 of them were male. Twenty eight patients were diagnosed as sarcomas, 9 lymphomas, 11 acute leukemias and 10 solid tumors. The distribution of cases according to their diagnosis are shown in Table 1 . Serum FTH-1, FTL, LCN-2, sTfR, TFR-2, hepcidin and ferroportin levels are presented in Table 2 .
Levels of FTH-1, heavy chain component of stored iron ferritin, in all patient groups was found higher than in control group (P < 0.05). Levels of FTL, light chain component of stored iron ferritin, was found in all patient groups higher than in control group, although thos was not statistically significant. It was observed that these levels decreased in remission. Levels of LCN-2, which plays a role in the intracellular transport of iron, was found significantly high (P = 0.001) in all patient groups. sTfR, which is responsible for the transport of iron in circulation, was found lower in acute leukemia patients as compared with sarcoma, lymphoma and acute leukemia patients and control group (P = 0.001). Level of TFR-2, a protein released by tumor cells only, was found to be higher in all patient groups in comparison with the control group and this was statistically significant in lymphoma group (P = 0.05). In remission, levels of TFR-2 decreased. Levels of serum hepcidin were found to be higher in all patient groups in comparison with the control group and this was statistically significant (P = 0.001). Hepcidin levels decreased in remission. Although it was not statistically significant, it was observed that levels of serum ferroportin were low in sarcoma and leukemia groups at diagnosis and increased in remission.
Discussion
Cancer cells show a marked alteration in the pathways of iron metabolism. Severe modifications in the activity of most of the proteins involved in uptake, storage and efflux of cellular iron can be observed in malignant cells. Multiple cancer types have been widely reported to exhibit abnormal iron contents or deficiency in iron uptake, utilization and storage. These cancers include lung cancer, breast cancer, prostate cancer, colorectal cancer, hepatocellular cancer, pancreatic cancer, hematological cancers, renal cell carcinoma and melanoma (9) .
Some relationship may exist between ferritin and cancer. In fact, despite no increase in iron stores, serum ferritin is increased in patients suffering a number of neoplasms (10). Ferritin is a multimer composed of 24 subunits of two types, a light (L) subunit and heavy (H) subunit. The H-type ferritins may suppress immunological responses that may aid cancer proliferation (11) . In addition, it can be hypothesized that ferritin may act as an autocrine growth factor, especially in neuroblastoma (12) . In our study, FTH-1 levels were found higher than control group in all cancer groups (P < 0.05) and although it was not statistically significant, FTL levels were found in patient groups higher than in control group.
In human cancer tissues, expression of elevated levels of LCN-2, which plays a role in the intracellular transport of iron, has been detected in breast, ovarian, endometrial, intestinal, lung, pancreatic, oesophageal and gastric cancers (13) (14) (15) (16) (17) (18) . In our study, levels of LCN-2 were found significantly high (P = 0.001) in all patient groups at diagnosis.
The major iron-transport protein in the plasma is transferrin. Due to its iron-binding properties, transferrin is a growth factor required for all proliferating cells. It may act as an autocrine growth factor in the breast cancer, small cell carcinoma and T-lymphoma (19) . For elevated uptake of iron and secretion of transferrin, cancerous cells display greater number of transferrin receptors. This was consistently reported in breast cancer, bladder cancer, lymphoma, leukemia and glioma (1) . TFR-2 is a TFR like molecule that is not regulated by intracellular iron levels and has a lower affinity for transferrin than TFR-1. TFR-2 has been found to be expressed in a wide variety of neoplastic cell lines (4). In our study sTfR and TFR-2 were analyzed in the patients. sTfR, which is responsible for the transport of iron in circulation, lower levels were found in acute leukemia patients (Group 3) as compared with Group 1, Group 2, Group 3 and control group (P = 0.001). This result was surprising, but we thought that because of the high affinity of sTfR for transferrin, free receptor levels may be found low. Along with achieving remission as a result of the reduction of transferrin, sTfR levels may be increased. Level of TFR-2, a protein released by tumor cells only, was found to be higher in all patient groups in comparison with the control group and this was statistically significant in lymphoma group (P = 0.05). In remission, levels of TFR-2 decreased.
Hepcidin is a low-molecular-weight hepatic peptide that regulates iron homeostasis, and acts by causing the degradation of its receptor, the cellular iron exporter ferroportin. On the basis of the major role of the hepcidinferroportin axis in iron regulation, recently several studies have discussed its expression and influence on the development and prognosis of cancer (8) . Hepcidin and FPN are abnormally expressed in cancer cells with diagnostic significance, such as breast cancer cells. Relative to adjacent tissues, the concentration of FPN is greatly diminished in human breast cancer cells (20) . In our study, levels of serum hepcidin were found to be higher in all patient groups in comparison with the control group and this was statistically significant (P = 0.001). Hepcidin levels decreased in remission. Although it was not statistically significant, it was observed that levels of serum ferroportin were low in sarcoma and leukemia groups at diagnosis and increased in remission.
Although it is known that some of these iron regulatory proteins have emerged as critical markers during inflammatory conditions such as cancer related inflammation, we thought that the increase in iron regulatory proteins might be related to primary cancer rather than secondary inflammation, due to decreasing of these protein levels by controlling the cancer.
Conclusion
We found higher levels of ferritin, which is stored iron, in our study and this made us think that iron deposit could be increased in cancer cells. In relation with this increase, levels of LCN-2, which plays a role in the intracellular transport of iron, were also high. Levels of TFR-2, which is particularly released by tumor cells only, had also increased and it was thought that this increase could be related with the intracellular iron deposit. Levels of hepcidin, which contributes to storage of iron, were high in all patients. Levels of ferroportin, which works in the opposite direction, had decreased.
Despite the fact that our patients' number was limited, we thought that investigation of the increasing patients' number since these studies not only provide insights into cellular and systemic iron metabolism that explain the relationships between iron and cancer, but may also provide new therapy and determe prognosis tools for cancer.
